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Abstract. Dairy farming uses energy in direct form (electricity and fuel) and indirect form 
(energy for the manufacture of farm machinery, technical equipment and feed concentrate) with the 
result of greenhouse gas emission. In an analysis conducted, the energy requirement for the production 
of feed stuff (forage and concentrate) as well as that of the direct energy demands (fuel and electricity) 
could be determined for two Austrian dairy farms.  
The results show, that concentrates are more energy-intensive in their production than 
roughage. Energy-efficient milk production is conducted on low-input dairy farms with high roughage 
portion and low concentrate portion in the feeding ration. 
 





Agricultural production depends on the provision of essential natural ecosystems 
inputs such as adequate water quantity and quality, soil nutrients, biodiversity and 
atmospheric carbon dioxide to deliver food, fiber, fuel and commodities for human use and 
consumption. The ecosystem services that provide these inputs are affected, both directly and 
indirectly, by climate change (IAASTD 2009). 
Agriculture contributes to climate changes in several major ways including: Land 
conversion and plowing; carbon dioxide (CO2) emission from farm machinery, nitrogen 
fertilizer applications and manure applications as well as the release of methane (CH4) 
through livestock digestive processes and rice production, altered radiative fluxes and 
evaporation from newly bare soils and with the continuously increasing geographical distance 
between producer and consumer, together with regional agricultural specialization, energy use 
for transportation also continue to increase as well (IAASTD 2009). 
Dairy farming uses energy in direct form (electricity and fuel) and indirect form 
(energy for the manufacture of farm machinery, technical equipment, feed concentrate) with 
the result of greenhouse gas emission. A detailed investigation about a German dairy farm 
(180 cows) shows, that energy intensity is significantly influenced by feed supply (Kraatz, 
2009). 
In this paper energy requirement for the production of feed stuff (forage and 
concentrate) as well as the direct energy demand (fuel and electricity) for two Austrian dairy 





MATERIALS AND METHODS 
 
 The analysis was separated in the determination of the Cumulative Energy Demand for 
feed stuff (roughage and concentrate) with modeling and the determination of the direct 
energy amount (electricity and fuel) for two Austrian dairy farms.  
                                                                                                                                                                           Tab. 1 




Farm 1 (low input) 
12 milking cows 
Farm 2 (high input) 
69 milking cows 
Housing system keeping animals in a tie stall; pipeline milking system 
cubicle housing with 8 herringbone milking 
parlor 
Feeding system Summer: Pasturing, hay Winter: grass silage, hay 
Indoor feeding: 
55 % gras silage; 40 % maize silage; 
5 % tried brewers' grains 
Ø Concentrate amount 1.5 kg/cow and day 8.0 kg/cow and day 
Performance 6344 kg milk/cow and lactation 10690 kg milk/cow and lactation 
 
RESULTS AND DISCUSSION 
 
The total energy amount for cereal, depending on production system, varies between 
1250 to 1830 MJ/ tone (Tab. 2). The main indirect energy consumer (55 %) is the synthetic 
fertilizer nitrogen in the conventional produced cereal. If cereal is fertilized with slurry from 
animal husbandry instead of mineral fertilizer, there is reduction to 1250 MJ/tone, which is on 
the same level of organically produced cereal.  
                                                                                                                                                                            
Tab. 2 
Direct energy (fuel) and indirect energy (fertilizer, pesticide, seeds and farm machinery) for cereal cropping 
depending on different production systems (Biedermann, 2009) 
 





Conventional (130 kg N) 417 1413 1830 
Conventional (Slurry N) 493 757 1250 
Organic (40 % grass clover in rotation) 845 675 1520 
Organic 674 626 1300 
 
For the transportation of cereal resp. concentrate and a transport distance of 300 km is 
assumed. A lorry with a state-of-art -technology (total weight 40 tones; transported payload 
25 tones) has an average fuel consumption of 12.4 ml Diesel fuel per tone and kilometer 
(Schaller, 2009). The specific energy consumption is 0.436 MJ/(t*km).  
The transportation with a lorry for a distance of 300 km requires 131 MJ/t cereal resp. 
concentrate. The production of concentrate with agricultural crop resources requires different 
technical steps: cleaning, storage, milling, conditioning, compacting and cooling. According 
to a concentrate factory in South Tyrol there is an energy requirement of 315.5 MJ/t 
concentrate divided in electricity for engines (77.4 MJ/t) and natural gas for steam generation 
(238.1 MJ/t). 
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indirect energy (machinery, storage, foil, seed)
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Fig. 1. Energy intensity of feed stuff. (DM=Dry Matter) 
 
The Fig. 1. shows the energy intensity for the roughage according calculation of Sima 
(2007) and concentrates (according Biedermann 2009 and Kraatz 2009). Different conserved 
roughages (3 cuts per year) have a mean energy intensity of 1087 MJ/t DM. In comparison to 
others methods, concentrates have a 2fold resp. 1.6fold higher energy intensity than forage. 
For soybean mill the energy intensity is 5fold higher (Fig. 1).  
In Tab. 3 the direct energy (electricity and fuel) as well as the Cumulative Energy 
Demand for concentrate are shown as energy intensity utilized for one liter milk for the 
analysed dairy farms. 
                                                                                                                                            Tab. 3 




Farm 1 (low input) 
12 milking cows 
Farm 2 (high input) 
69 milking cows 
Electricity (milking, cooling, cleaning, lightening, 
manure disposal) 0.47 0.11 
Fuel (grassland mechanization, maize silage- 
cropping, harvesting and transport) 0.47 0.50 
Concentrate 0.17 0.52 
Total 1.10 1.13 
 
The electricity demand for milking, cooling, cleaning and manure disposal) decreases 
from 0.47 to 0.11 MJ/kg milk. This degression effect is caused by a more efficient usage of 
electrical devices and higher milk performance per cow on the large-scale dairy farm. The 
electricity demand per cow and year is for the Farm 1 689 kWh and for Farm 2 254 kW.  
The investigations show further that feed supply (forage production and concentrate) has the 
largest share on energy intensity in dairy farming (0.64 MJ/kg = 58 % respectively 1.02 
MJ/kg 90 %). The high performance of 10690 kg milk per cow and lactation requires a higher 




• Large-scale dairy farms have a smaller electrical energy demand than small-scale 
farms. This is a result of more efficient usage of electrical devices. 
• Feed supply has a great influence on energy intensity in milk production. 
• Feed concentrates needs more direct and indirect energy during the production 
process than roughage. 
• Energy-efficient milk production is conducted on low-input dairy farms with high 
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